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ABSTRACT

Part 2 of this report is a compilation of all invited and monograph papers presented at the
International Conference on Establishment Surveys in Buffalo, New York, June 28-30, 1993.
These were requested for the meeting due to there general content regarding NASS policy,
program and procedures. These are also ordered by general subject matter. Several of these will
be printed as separate and more detailed research reports. Part 1 of this report included reports
of specific aspects of NASS research.

This paper was prepared for limited distribution to the research community outside the
U.S. Department of Agriculture. The views expressed herein are not necessarily those of
NASS or USDA.

ACKNOWLEDGMENTS

This report has been the culmination of the efforts of many individuals in NASS. Special thanks
go to Yolanda Grant and Shawna McClain for their many hours of assistance in preparing
for the conference and this report.



TABLE OF CONTENTS

NASS POLICY AND PROCEDURES

Rich Allen
The Evolution of Agricultural Data Collection in the United States . . .. ... .. 01

Frederic Vogel and Phillip Kott

Multiple Frame Establishment Surveys . .. ... ..... .. ... .. ... .... 25
Mark Pierzchala

Editing Systems and Software . . . ... ..... . ... .. oo 45
Ronald Fecso

Evaluation and Control of Measurement Error in Establishment Surveys . . . . .. 61

SAMPLING FRAME AND DESIGN ISSUES

Cynthia Z.F. Clark
Ensuring Quality in U.S. Agricultural List Frames . . . . ... ... ......... 84

Jeffrey Bush and Carol House
The Area Frame: A Sampling Base for Establishment Survey . ... ... ... .. 94

INFORMATION HANDLING ISSUES
Charles Perry, Jim Burt, and Bill Iwig

Methods of Selecting Samples in Multiple Surveys
to Reduce Respondent Burden . . ... ... ... ... ... ... . . . ... 104

. NASS PROGRAM COMPONENTS

Bob Milton and Doug Kleweno
USDA’s Annual Farm Costs and Returns Survey: Improving Data Quality . . . 111

George Hanuschak and Mike Craig

Remote Sensing Program of the National Agricultural Statistics Service from a
Management Perspective . . ... ........ e e e e 116

il



THE EVOLUTION OF AGRICULTURAL DATA COLLECTION IN THE
UNITED STATES'
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INTRODUCTION

Farms represent a special subset of establishments. They, more than any other type of
establishment, combine business and family considerations. Many farms are operated by a
single person but others involve quite complicated ownership and operation arrangements.
Agriculture includes many different forms of products and production practices which often
change over time.

This chapter traces the development of agricultural data collection in the United States
from 1790 to the present time. The discussion should be helpful to others for developing or
improving collection of agricultural data. The goal is to summarize major issues and
developments. For more detailed reading of historical developments, please see references
Bidwell and Falconer (1925), Brooks (1977), National Agricultural Statistics Service (1989a),
Statistical Reporting Service (1969), Taylor and Taylor (1952), and Wright and Hunt (1900).

Major changes in methodology are described with explanations of factors which might
have allowed or demanded the changes. Methodology for both agriculture censuses and the
current agricultural survey programs have changed extensively as the United States evolved

! The authors have benefitted from several reviews at various stages of the writing and editing process.
Reviewers included Doug Miller and Jim Liefer of the Census Bureau; Kenn Inskeep of the Evangelical
Lutheran Church in America; Nanjamma Chinnappa and George Andrusiak of Statistics Canada; Bill Arends,
Jerry Clampet, Bob Schooley, Paul Bascom, and Lue Yang of the National Agricultural Statistics Service. The
authors also want to recognize Mary Ann Higgs for her tireless administrative support and Priscilla Simms,
Marsha Milburn, and Hazel Beaton for the additional typing and graphics assistance.

2 The views expressed are attributable to the authors and do not necessarily reflect those of the Census
Bureau or of the National Agricultural Statistics Service.
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from an overwhelmingly rural and agricultural nation to one which is highly urbanized with
only a small fraction of the population involved in agriculture.

Uses of Agricultural Statistics

Early requirements of agricultural statistics in the U.S. stemmed from farmers’ need to
know about current and improved farming practices for subsistence reasons. Farmers were
primarily concerned with increasing production to improve their own family’s food and fiber
supplies and to purchase goods that they could not produce. Local and state farming
societies were interested in farming methods since farming products and practices tended to
be similar by geography. Gradually, the need for national level agricultural statistics
increased as better marketing channels opened, production expanded westward into new
farming territories, production levels and commercialization increased, and pricing
arrangements evolved.

For many years published agricultural statistics were designed largely to provide
government with production information, and this remains a major purpose. These data are
essential for administering farm income support and disaster relief programs and developing
new legislation. Since much agricultural production is exported, current statistics enable
orderly marketing in both domestic and foreign trade channels.

Many national and state programs utilize combinations of census and current statistics for
allocating funds for extension services, research, and soil conservation projects. Private
industry uses production data for facility construction and marketing decisions. Purchasers
of farm products, suppliers of farm inputs and services, producers, and producer
organizations need good information.

Present Structure of Official Agriculture Data Collection

The agriculture census program of the Census Bureau and the current statistics program
of the National Agricultural Statistics Service (NASS)* complement each other quite well.
For example, data collected by NASS on prices, production levels, marketing patterns,
inventories, and production expenses are used in farm income estimates which are part of the
U.S. national accounts. When census data are available, farm income estimation model
components are revised and benchmarked to current census levels.

The Census Bureau is located within the Department of Commerce while NASS is an
agency in the Department of Agriculture (USDA). Since the two sets of statistics are created
by different organizations, there is no internal pressure that the census must support what the
current statistics have been indicating. There is a good working arrangement and
cooperation between NASS and the Agriculture Division of the Census Bureau. NASS aids
in census mail list creation, and its probability area frame survey data are important

> NASS was previously called the Statistical Reporting Service (SRS). NASS is used throughout this chapter
for consistency.



indicators of list coverage. NASS staff assist in reviewing state and county census data
during the editing phase. The two organizations also participate in joint research projects.

Census Bureau Current Program

Census data collection, currently conducted by the Census Bureau every five years for
years ending in two and seven, represents the only effort to collect a broad set of data from
all farms. Farm operation and family characteristics are collected along with data on
acreage, land use, irrigation, crops, vegetables, fruits and nuts, nursery and greenhouse
products, livestock and poultry, value of sales, type of organization, farm workers, and
characteristics of operators. The census provides the only set of small area data for farm
characteristics and minor production items.

The agriculture census is currently a mailout/mailback enumeration of all farms and
ranches. Response is mandatory and extensive follow-up procedures are conducted by mail,
certified mail, and telephone to improve response rates. Additional data on items such as use
of commercial fertilizers; use of chemicals, machinery, and equipment; expenditures; market
value of land and buildings; and farm related income are collected from an approximate 30
percent sample. A stratified, systematic sample design at the county level is utilized to
ensure reliable county level statistics.

Following each agriculture census, the Census Bureau has generally conducted one or
more follow-on surveys to collect detailed data on relatively narrow areas of interest without
adding greatly to overall respondent burden. Past surveys collected information on topics
such as land ownership, farm expenditures, farm finances, farm and ranch irrigation
practices, and farm energy use. There also have been censuses of horticulture specialties.
See Table 3 for a chronological listing.

National Agricultural Statistics Service Current Program

The United States agricultural estimating system for current statistics utilizes voluntary
sample surveys to measure production and inventories of major crop and livestock items
along with information on prices, labor usage, and disposition of livestock. Expected
production levels of major crops are forecasted monthly, starting three or four months before
harvest. Because many statistics can have an impact on volumes and prices for commodity
futures and cash market trading, strict procedures and laws govern the preparation and
release of these statistics to the public.

Many different survey vehicles are used, with some programs conducted weekly,
monthly, and quarterly in addition to surveys conducted on an annual or semi-annual basis.
U.S. and state level estimates are normally produced but county estimates are created for
items needed to administer federal and state farm programs. Most surveys are based on
probability samples but some utilize designated panels of reporters and others are based on
contact of individuals who can answer for an entire segment of a specific population. A few
surveys contact agribusinesses such as grain elevators, food processors, seed companies,
livestock packing houses, and feed companies when they can report data more efficiently



than farmers. Administrative data such as exports, imports, and marketings are utilized
either directly or as a check on estimation levels.

Nearly 400 statistical reports are issued from NASS Headquarters each year on a
schedule published before the year starts and more than 9,000 reports are issued by State
Statistical Offices. Six of the current statistics series are included in the Principal Economic
Indicators Series of the U.S. Statistical Reporting Service (1983)

Farm Definition

The definition of a farm used in the United States has changed over time. The Secretary
of Commerce sets the definition after collaboration and agreement with all relevant agencies
(Census Bureau, Bureau of Economic Analysis, USDA, etc.) and advisory groups. The
definition is not codified in U.S. law. Since 1975, the definition has been any place which
sells, or normally would sell, $1,000 or more of agricultural products in the reference year.
Because of the relatively low value threshold, individuals who keep just a few head of cattle
or sell some fruits and vegetables qualify even if they do not regard themselves as farmers.
The greatest difficulty in conducting a complete census or representative survey is in
accounting for the vast number of small farms. In the 1987 census, approximately 50
percent of all farms had less than $10,000 in total value of agricultural products sold, 60
percent had fewer than 180 acres of land and 30 percent had fewer than 50 acres. Bureau of
the Census (1989).

Table 1 provides the farm definitions used during different periods of U.S. history.
Although defining a farm appears to be a simple task, it requires a tremendous amount of
discussion, analysis, and communication to satisfy federal, congressional, and private
concerns. For example, for the 1974 census, USDA and Commerce both supported raising
the threshold to $1,000 because of increased prices and changes in the structure of
agricultural operations. However, Congress disagreed and in 1974 census all-farm
preliminary reports were published using the same farm definition as the 1959-1969
censuses. Only the final reports were based on the new definition with a threshold of
$1,000. Bureau of the Census (1979)

Definition of Counties and Townships

The major geographic administrative subdivision within a state is the county. There are
over 3,300 counties within the 50 states of the U.S. Their size varies depending upon the
physical size, geography, and population density of the states. Many counties are divided
into townships of about 36 square miles each. County and township reports on agriculture
were important at various times in history and counties remain important units for publication
of both census and current agricultural statistics.



Table 1 The U.S. Farm Definition Throughout History

Period(s) Definition

1850-1860 No acreage requirement, but a minimum of $100 of total value of
agricultural products sold (TVP).

1870-1890 A minimum of 3 acres or $500 TVP.

1900 Acreage and minimum sales requirements removed.

1910-1920 A minimum of 3 acres, with $250 or more TVP or required full-time
services of at least one person.

1925-1945 A minimum of 3 acres, with $250 or more TVP.

1950-1954 A minimum of 3 acres or $150 or more TVP. If a place had

sharecroppers or other tenants, land assigned to each was treated as a
separate farm. Land retained and worked by the landlord was considered
a separate farm.

1959-1974 Any place with 10 acres or more, and with $50 or more TVP, or any
place with less than 10 acres, but at least $250 TVP. If sales were not
reported, average prices were applied to reported estimates of harvested
crops and livestock produced to arrive at estimated sales values.

1978-Present Any place that had, or normally would have had, $1,000 or more TVP.

AGRICULTURAL STATISTICS BEFORE 1880

In 1790, the United States was essentially an area along the Atlantic Ocean with an
average width of only 255 miles from the coast and a population of less than four million
people, over 90 percent involved with agriculture. Tobacco was the principal agricultural
export and, valued at $4.4 million, accounted for about 44 percent of total exports. Farm
operations in the northeastern states centered around villages, were often large, multiple
family plantations in southern states, and were isolated farmsteads in middle states.
Economic Research Service (1993)

Before 1840, the only agricultural information available for extensive areas came through
asking knowledgeable individuals for their assessment of current conditions and supplies of
crops and livestock. An interesting sidelight in American history is that President George
Washington is perhaps responsible for the first agricultural survey. Washington wrote to
friends in several states in 1791 listing agricultural questions that he wanted them to answer.
This is the first known occasion when an actual survey form was used to collect expert
opinions. Collection of expert opinions was the major source of agricultural statistics for the
next 100 years, except for the agriculture censuses. Statistical Reporting Service (1969)

There were few advances in the collection of agricultural statistics during the first third
of the 19th century because agriculture was mostly for subsistence. The need for more broad
based collection of agriculture statistics was not apparent. An exception was the South which
was more commercially oriented and needed information for marketing. Some individual



states and agricultural societies collected and provided agricultural information on a small
scale to local farms and businesses.

By the middle of the 19th century, the country was growing rapidly and expanding
westward, agricultural surpluses existed in some areas, and state efforts to collect agricultural
information were uncoordinated. The need for national level data became more obvious.

Archibald Russell, a young scholar who prepared a book of proposals for collecting U.S.
resource data with the 1840 population census, wrote that an economic understanding of the
U.S. could be greatly helped by agricultural data since agriculture was the leading business.
In 1838, President Martin Van Buren recommended to Congress that the 1840 Census of
Population be expanded to collect information "...in relation to mines, agriculture,
commerce, manufacturers, and schools...” As a result, 37 questions about agriculture were
included with the 1840 population census. At that time, slightly over 70 percent of the U.S.
population reported that they were engaged in agriculture. All information was collected and
recorded by personal interview. The questions concentrated on production without collecting
area harvested or yield which limited comparisons or linking of other information to the
census. Wright and Hunt (1900)

Table 2 shows the range of questions and the increase in the number of questions relating
to agriculture in the decennial years of 1840 to 1890.

In 1839, the U.S. Congress appropriated $1,000 to the Patent Office for collecting
agricultural statistics on new varieties of seeds such as wheat and other agricultural
information. It was hoped that providing annual statistics would guard against monopolies or
exorbitant prices. The Patent Office issued its first report for 1841 by linking back to the
1840 census. Since census estimates of crop areas harvested were not available, estimates of
population change in each state and territory were used as indicators of production changes.
Other information came from agricultural societies, agricultural papers, and knowledgeable
individuals.

The Patent Office attempted to track crop failures or other unusual conditions in making
its annual reports. However, in 1849 the Patent Office came under new leadership which did
not support agricultural statistics except for prices and the first continual series of production
estimates ended. Even with an outcry to reinstate the crop reports, no further attempt was
made to provide annual production estimates. Orange Judd, editor of the American
Agriculturist journal, described the Patent Office as a "seed store in Washington." Statistical
Reporting Service (1969)



Table 2 Number of Agriculture Census Questions, 1840 to 1890

Items of Inquiry 1890
Name of person conducting farm 1
Color of person conducting farm 1
Tenure 3 3
Acres of land 4 5
Acres irrigated 1
Value of implements, machinery, and livestock 3 3
Cost of building and repairing fences 1 1
Cost of fertilizer purchased 1 1
Wages paid for farm labor 1 1 1
Weeks of hired labor upon farm 1 2
Estimated value of all farm productions 1 1 1
Forest products 7 1 2 2
Grass lands and forage crops 1 3 3 3 5 22
Sugar 1 3 3 3 8 17
Cereals: barley, buckwheat, corn, oats, etc. 6 6 6 7 12 27
Rice 1 1 1 1 2 3
Tobacco 1 1 1 1 2 4
Peas and beans 1 1 1 2 4
Peanuts 3
Hops 1 1 1 1 2 4
Fiber: cotton, flax, hemp, broomcorn, wool 3 6 7 5 12 19
Horses, mules, asses, sheep, goats, dogs 2 3 3 3 10 22
Neat cattle ¢ and their products 1 3 3 3 8 10
Dairy products 1 2 2 3 3 11
Swine 1 1 1 1 1 4
Poultry and eggs 1 3 8
Beeswax and honey 1 2 2 4
Onions 4
Potatoes 1 2 2 2 6
Nurseries, Orchards, and Vineyards 5 2 2 2 42
Other 3 4 4 4 19

TOTAL

55

e ]

9

Neat cattle includes working oxen, beef cattle, and dairy cows.

Number of inquiries or details called for in the general schedule of agriculture only,
additional inquiries on special schedules of agriculture, not common to the general
schedule or other special schedules, are not included. Wright and Hunt (1900)



Because of complaints about many errors found in the 1840 census, the 1850 census
included some major changes in organization and data content. Legislation was passed to
clearly define the duties of persons employed by the census and the consequences of
neglecting their duties. The general organizational structure initiated in the 1850 census has
continued through present day censuses. The Census Bureau established a farm definition as
any place that had $100 or more in value of sales of agricultural products. A temporary
census board within the Department of the Interior was established to oversee the conduct of
the 1850 census, a procedure which was followed until 1900. Wright and Hunt (1900)

By 1860, commercial corn and wheat production was well underway with the west
developing these crops rapidly. The Northern States began developing other agriculture
interests such as dairying and feed crops. Cotton surpassed tobacco as the major agricultural
export crop with its $100 million or so average value accounting for half of all export value.
Economic Research Service (1993)

There was increased foreign migration into the country as a result of the potato famine in
Ireland and the German Revolution of 1848 and many immigrants were lured into
agriculture. Scientific invention was applied to create and improve farm machinery. The
nation became increasingly more dependent on national and international markets as it moved
from subsistence farming toward commercialization. U.S. Census Office (1902)

The average farm size in 1850 was just over 200 acres. However, because of a law
called the Homestead Act which made 160 acres of new agricultural land available to
settlers, and the breaking up of southem plantations during the 1860’s, the average farm size
declined and it was not until 1950 that it again exceeded 200 acres. See Graph 1.

Between 1849 and 1862, when there were no federally collected annual statistics,
agricultural societies continued to publish their "interpretations" or estimates. A new
Commissioner of Patents in 1856 encouraged governors and other prominent individuals to
make estimates for their areas. However, none of these efforts resulted in a consistent
collection of statistics.

The present day program of current agricultural statistics traces its development to events
about 1860. In 1862, Orange Judd asked each town to select a person to fill out a monthly
form on crop area and crop prospects. Respondents were asked to evaluate the current
month’s data relative to a base of ten as an average crop and to reply in whole numbers, with
each unit above or below ten indicating a 10 percent departure. Mr. Judd received between
1,000 and 1,500 responses for various months in 1862. This established the pattern of
monthly information used by USDA to the present day. Mr. Judd’s initiatives and foresight
broke critical ground for ensuring orderly economic commerce of agriculture.
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Mr. Judd’s survey was discontinued in 1863 when Congress established USDA which
started collection of statistics. This was in response to a grass roots clamor throughout the
nation, swelled by the agriculture press, for better data than were being produced by the
Patent Office and the decennial census. USDA’s first report, using the methods of Orange
Judd, covered estimates for 1859 and 1862 based on 1860 census figures (crop year 1859)
and data received on questionnaires sent to every county during the winter of 1862-63.

The Office of the Statistician in USDA was created in 1863 and monthly reports of crop
conditions were started immediately. One reporter and five assistants per average size
county were selected to provide local agriculture assessments. Reports were sent by mail to
Washington, D.C. on a designated day each month. The purpose of monthly crop reports
was espoused by USDA in 1863 as follows: "Ignorance of the state of our crops invariably
leads to speculation, in which oftentimes, the farmer does not obtain just prices, and by
which the consumer is not benefitted...the true condition of these crops should be made
known. Such knowledge, while it tends to discourage speculation, gives to commerce a
more uniform and consequently, a more healthy action.” Statistical Reporting Service (1969)

While the early emphasis was on crop production, cattle, hog, and sheep numbers and
values were estimated starting on January 1, 1867, along with wheat and corn prices for
1866. Price data continued to be annual estimates up until 1908 when monthly prices were
instituted. National Agricultural Statistics Service (1989b)

There was little change in the agricultural data collected in the 1860 and 1870 population
censuses. There was increased call for information on the acreage of crops such as wheat,
barley, and oats, but this information continued to be omitted from the census until 1880.
There were some inquiries in the 1860 census relating to "what crops are short,” and "usual
average crop,” that may have been useful in crop prediction for intercensal years, but these
questions were dropped in the 1870 census. The first statistical atlas was published based on
the 1870 results which showed, for example, the geographic distribution of crop production.
[See Table 2 for the description of questions in the 1860 and 1870 censuses.]

AGRICULTURAL STATISTICS FROM 1880 TO 1915

By 1880, large cattle operations and wheat production were established on the Great
Plains. Only 50 percent of the population was employed in agriculture but agriculture still
accounted for over 75 percent of all U.S. exports. Improved tools for production and
harvesting had been developed and were in wide use. Economic Research Service (1993)

The census of 1880 marked a turning point in agricultural statistics. Cooperation
between the census and current statistics programs was at a peak. J.R. Dodge, Chief,
Division of Statistics in USDA, served as Chief Statistician for development of the 1880
census. He was given considerable freedom in revising the census questionnaire and added
questions on area harvested and yield. These data were important as a census benchmark as
well as to assist in intercensal predictions. The basic questionnaire had 108 questions about
agriculture while special schedules contained a total of 1,572 questions. Statistical Reporting
Service (1969)
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The 1880 results were presented in both cartographic and tabular forms. The 1880
census asked comprehensive questions on renting arrangements and mechanization. One
other significant feature, which aided interpretation of current statistics surveys, was
collection of information on average and largest cereal crop yields by "region" or "locality."
Wright and Hunt (1900)

Periodic reports being issued by USDA were aided by the 1880 census information on
acreage and yields and a shift was made to estimates of actual yield at the end of the growing
season. In 1884, reporters were asked to consider 100 as condition of a full crop, not an
average crop. Another important improvement in procedures was the 1888 initiation of state
weighted averages based on county acreage, since counties varied greatly in area and
production potential.

Bronsen C. Keller, an economic and social scholar, organized an association with two
other men from St. Louis. These three men had a large impact on the 1890 census by
sending a letter in 1889 to people around the country asking them to insist that indebtedness
information be collected. They believed that indebtedness was leading to loss of farms
through foreclosure and hence decreasing ownership. Through this grass roots effort, five
questions on indebtedness were collected on the population census and the results were
classified by farm and nonfarm homes.

As agricultural statistics got more attention and the number of users increased, the
accuracy of monthly crop reports began to be questioned. In 1895 the National Board of
Trade passed a resolution stating "Whereas the monthly and yearly crop reports of the U.S.
Department of Agriculture have in recent years been confusing, misleading and manifestly
erroneous in important particulars...that if the crop reporting services...is to be
continued...every needful effort be made for ensuring the fullest degree of
efficiency...completeness and accuracy of the data..." Taylor and Taylor (1952)

The National Board of Trade established a Committee on Crop Reports which made
several proposals for improvement of agricultural statistics. Based on its recommendations a
law was passed by Congress in 1909 making it a crime to divulge any information ahead of a
scheduled release. Official township reporting was recommended and, by 1896, there were
28,000 township reporters, 9,000-10,000 county reporters, and 6,000-7,000 assistants to state
statistical agents. Reports were also received from 15,000 grain dealers, millers, and
elevator operators and 123,000 farmers. Interpreting the vast amount of information
received was a difficult task. In 1905, the Crop Reporting Board was established to improve
interpretation. This Board, consisting of state statisticians and experienced headquarters
statisticians assisting the Chief Statistician in reviewing indications and setting estimates, has
continued for major reports since.

The 1900 agriculture census general schedule was similar to 1890, but added questions
on tenure, total value of farm buildings, and ownership of rented farms. Congress provided
guidelines for publication which required that data be tabulated by race and gender of farm
operators. There were several processing innovations introduced for this census: punch
cards and electronic tabulating machines were adopted and, because of the large number of

11



crop cards, a sorting machine was developed. A new ten-key keypunch machine was used
for farm census cards 20 years before it was used for the population census.

There were large differences between USDA estimates and the 1900 census results for
crop acreage and production. In almost all instances, USDA estimates were significantly
lower than census results. Statistics for the number of acres for two of the nation’s largest
crops, corn and wheat, differed by 16 percent and 18 percent, respectively. A committee of
inquiry was set up to investigate this and found that the census provided a low base in 1890
and that the USDA estimates for subsequent years included accumulated error from faulty
yearly percent change ratios applied to the census base. The committee recommended
improvements in training of census enumerators and clerks, improved editing procedures,
and more verification during processing and tabulation of the data. They also recommended
that a census of population be conducted every five years, especially for the collection of
agricultural information. Sraristical Reporting Service (1969)

In 1902, a permanent Bureau of the Census was established in the Interior Department.
It was transferred to the new Department of Commerce and Labor in 1903. When that
Department split in 1913, the Census Bureau was placed in the Department of Commerce.
Establishment of a permanent bureau created a more stable environment for the census
program which promoted better planning, comparability between censuses, evaluation
opportunities, more time for systems development, and a basis for producing additional
statistics upon demand.

Specialized censuses on irrigation and on drained land were added to the agriculture
program. These two censuses remained as part of the program through 1950. Table 3 lists
special censuses and surveys that have been conducted by the Census Bureau since 1890.
Bureau of the Census (1987)

AGRICULTURAL STATISTICS FROM WORLD WAR I TO WORLD WAR I

By 1915, gasoline powered tractors and combines were being developed for the
extensively farmed areas. New varieties and disease resistant strains of plants were being
developed. The average value of U.S. agricultural exports was approaching $2 billion a
year, about 45 percent of all exports. Only about 30 percent of the population was now
engaged in agriculture but the need for more commercial agricultural information was
growing. There was increased awareness of the importance of marketing and a pressing
need for reliable information on supplies of food and fiber. Economic Research Service
(1993)
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Table 3 Census Bureau Special Censuses and Surveys by Reference Year
Year Title(s) Year Title(s)
1890 Census of Horticulture 1956 Farm Mortgage Indebtedness

1905

1910

1920

1930

1935

1940

1945

1950

Cotton Ginnings ¥
Census of Irrigation

Census of Irrigation,
Census of Drained Land

Census of Horticulture,
Census of Irrigation,

Census of Drained Land,
Farm Mortgage Indebtedness®

Survey of Part-Time Farming,
Farm Mortgage Indebtedness

Census of Irrigation,
Census of Drained Land,
Farm Mortgage Indebtedness

Farm Mortgage Indebtedness

Census of Irrigation,

Census of Drained Land,
Census of Horticulture,
Farm Mortgage Indebtedness

1959

1964

1965

1969

1970

1979

1984

1988

Census of Horticulture,
Census of Irrigation,
Irrigation in Humid Areas,
Census of Drained Land

Survey of Farm Workers,
Survey of Hired Farm Workers,
Survey of Farm Indebtedness

Survey of Nonfarm Income and Source
Census of Horticulture,

Census of Irrigation,

Census of Drained Land

Agriculture Finance Survey

Census of Horticulture,

Farm Finance Survey,

Survey of Farm Energy Use,

Farm and Ranch Irrigation ¥

Farm and Ranch Irrigation

Farm and Ranch Irrigation,
Census of Horticulture,

Agricultural Economics and Land Ownership
Survey

1955 Irrigation in Humid Areas®

a/ The Cotton Ginnings Survey collected data twice a month through the ginnings season every year
from 1905 up to the present. The Survey was conducted by the Bureau of Census until 1991;
now conducted by National Agricultural Statistics Service.

b/ The titles of the Survey of Farm Mortgage Indebtedness, the Survey of Irrigation in Humid
Areas, and Farm and Ranch Irrigation Survey have been shortened to better fit the table format.
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Several important improvements to current agricultural statistics were made between 1910 and
1920. Official annual estimates of the numbers of farms by state began in 1910. Monthly condition
information was converted to yield forecasts starting in 1911 for crops like wheat, oats, corn, and
tobacco. Once the validity of the monthly forecasts was proven, more market volatile crops such as
cotton were added. The par procedure was developed to interpret yield by adjusting the ten-year
average yield per acre by the ratio of current condition to average condition. As agricultural
statisticians searched for more mathematically based yield forecasting procedures, regression models
based on year-to-year relationships were developed. By 1929, regression models were in common
use for monthly yield forecasts. Statistical Reporting Service (1969)

An important factor in heightening interest in agricultural statistics was the onset of World War I
in 1917. More information was needed on available food and feed supplies at county, as well as state
levels. By 1920, state and national estimates on 29 crops were being produced, compared to 13 crops
ten years earlier, and condition reports were being issued on 44 crops — about double that in 1910.
Statistical Reporting Service (1969)

The chief of the Bureau of Statistics (USDA) reported in 1919 of the requests for agricultural
data during World War I that "A vast amount of information was compiled and furnished in response
to inquiries received by telephone, telegraph, letter, or personal call of representatives of the Food
Administration, the War Trade Board, the War Industries Board, the Military Intelligence Office of
the War Department, the Tariff Commission, the Federal Trade Commission, the Council of National
Defense and other departments of federal and state governments, congress and private individuals...".
Following the armistice of November 11, 1918, the demand for special agriculture information
declined, but demand for food shipment to war torn Europe continued. There was a general
reluctance to discontinue the products and services provided by USDA during the war, so many of
them continued. Statistical Reporting Services (1969)

Many states developed various statistics programs which meant that different state and federal
estimates might be published for the same commodity and respondents might be contacted by multiple
organizations for the same information. Because of the emphasis on more agricultural statistics
during World War I and respondent burden issues, state and federal organizations in the state of
Wisconsin agreed in 1917 to share expenses of data collection and publication. Many states quickly
followed suit and today agreements exist in every state involving State Departments of Agriculture or
state agricultural universities or both. These agreements are truly unique within the United States.
State funding provides for special publications, surveys, or other services not covered by the federal
program. All employees (state or federal) work under the NASS selected state statistician who
usually has a State Department of Agriculture title and state government duties.

By 1918, to improve reliability of data, sampling was shifted largely from panels reporting for
their locality to panels reporting for individual farms. This provided a more clearly defined basis for
comparison of production levels. This sampling of farmers in every township became the monthly
Farm Report Survey. Special livestock reporter lists were also established. In 1922, looking for
methods to improve livestock statistics, a proposal was adopted to utilize free delivery of mail in rural
areas to provide a broader base of reporters for major reports. Rural mail carriers received a supply
of card type questionnaires to drop off at a sample of farms along mail delivery routes. Completed
responses were forwarded to the state statistician by the Postal Service.

Rural carrier cards collected data for only the current year. Before that time, information was

requested for both current and past year and a current compared to historic interpretation was made.
The main basis for interpretation of rural carrier acreage surveys was calculation of ratios of acreage
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of specific crops to total cropland or to land in farms. However, ratios were usually biased on the
high side since progressive farms tended to be sampled and farmers without row crops often did not
report. The approach utilized to adjust for bias was the ratio relative calculation: current year ratio
of a crop to total land divided by the previous year’s ratio to estimate true change. An effort was
made by 1928 to look at reports from the same farm on subsequent surveys. Matching provided
valuable information on year-to-year changes, but was extremely time consuming and difficult.

From the beginning, there had been complaints that an agriculture census every ten years was not
adequate for an industry with such large fluctuations. Yearly estimates for crop and livestock items
by USDA relied on the agriculture censuses for a new base or benchmark each ten years.
Occasionally, due to the methodologies for projecting yearly changes and any initial bias in census
figures, annual estimates differed widely from the data for the same year available later in farm
census findings — for example, the previously described differences observed in 1900. Data users
engaged in agriculture research, farm management, and business investments needed more current
census information on agriculture activities. Statistical Reporting Service (1969)

Proposals were floated for annual agriculture censuses or at least a census every five years. In
1909, Congress mandated that the Department of Commerce conduct 2 mid-decade agriculture census.
However, because of World War I preparations, the first five-year Census of Agriculture was not
conducted until 1925. The five-year census greatly assisted the annual crop and livestock estimates
and provided improved information for decision making.

In addition to providing measures of production, the census of agriculture provides data on the
effects of technological changes on agriculture and on social and economic characteristics of farm
operators. A significant amount of new content was added to the census questionnaire in 1920. Farm
operators were asked if they had gas or electric lighting in their homes and if they owned tractors,
automobiles, or trucks. Additional questions in 1930 and 1940 queried farmers about the kinds of
roads adjoining their farms, whether telephones were available, and the presence of new equipment
such as combines and milk machines. The presentation of data by type of farm starting in 1930 was a
valuable contribution to the analysis of agriculture production. It provided a basis for much
discussion and planning on the needs of farms in the early 1930’s.

Socioeconomic questions on topics such as hired farm labor, farm versus nonfarm employment,
income, race, and tenure of farm operators were asked in all 20th Century censuses. In 1920, for
example, the census found that 61 percent of the rural population and 30 percent of the total
population were engaged in farming. Bureau of the Census (1983)

Other expansions of statistics were made around 1925. The number of crops included on
monthly farm reports nearly doubled. Questions on milk cows and milk production, hens and layers
on farms, numbers of eggs produced, and farm labor were added to the monthly farm report. The
percentage of U.S. farms having various livestock species is shown in Table 4 with comparisons at
intervals of about ten years. As percentages of farms with milk cows and chickens declined, those
questions were removed from the monthly farm report in the 1970’s and specific surveys were
developed for these data. Bureau of Agricultural Economics (1933)

15



Table 4 Percent of Farms with Livestock, Censuses of 1910 to 1987

Item 1910 1920 1930 1940 1950 1959 1969 1978 1987
All Cattle 83.1 83.1 76.4 79.4 5.5 72.1 63.0 59.6 56.3
Milk Cows 80.8 69.2 70.8 76.2 67.8 48.3 20.8 13.8 9.7
Hogs and Pigs 68.4 75.2 56.2 61.8 56.0 49.8 25.1 19.7 11.7

Chickens 87.7 90.5 85.4 84.5 78.3 58.5 17.3 10.7 6.9

The 1930°s brought the next major changes in agricultural estimates. During the period
of extremely dry weather, floods in the South, and critical economic conditions in the U.S.
called The Great Depression, there was overproduction of some agricultural products,
particularly hogs, resulting in very low prices. Federal farm relief was demanded to help
pull the country out of the agricultural slump that began after World War 1.

Many government emergency programs were established to provide financial support to
farmers. One 1933 program called for controlling the supply of hogs by selective destruction
of a portion of supply. Thus, good information on supplies was essential. In less than two
years, 90 additional professional staff members were hired for State Statistical Offices
specifically to develop hog estimates county by county. Brooks (1977)

The 1933 Agricultural Adjustment Act and its successor, the Soil Conservation and
Domestic Allotment Act of 1936, were critical milestones in the government’s approach to
agricultural policy and to the statistical work necessary to support it. USDA was given
unprecedented authority and funds to alleviate distress situations in agriculture. Statistical
Reporting Service (1969)

One shortcoming of all procedures used through the 1930’s was that up-to-date lists of
farms were not available and no other probability sampling frame existed. In 1938, research
to divide the entire land area of the U.S. into sampling units began. The area sampling
approach showed promise and, in 1943, USDA and the Bureau of the Census jointly funded
work at Jowa State College (now Iowa State University) to create the "master sample of
agriculture." This master sample created segments of land with definite boundaries which
contained an average of four farms per segment. The master sample was first used to
measure coverage in the 1945 Agriculture Census.

The use of sampling in the agriculture census was stimulated by World War II to reduce
cost and time limitations since special statistics were needed during that period. In the 1940
Census of Agriculture, data were tabulated separately for large and small farms to identify
their contribution to production levels and assist in food supply decisions. Sampling as an
enumeration methodology was introduced in the 1945 census, when county-level data were
collected through a conventional all-farms canvass, while selected data at various geographic
levels were obtained by sampling. Bureau of the Census (1979)

AGRICULTURAL STATISTICS FROM WORLD WAR II TO THE PRESENT TIME
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The years surrounding World War II saw some of the largest productivity changes in
United States agriculture. The sad condition of agriculture in the early part of the century
began improving. The surplus food problem began to vanish and programs to increase
production ensued. Farm production reached a high during the war, despite labor loss and
difficulty in obtaining machinery.

Commercial fertilizer use tripled in a 20-year period, along with continued improvements
in hybrid seeds. Use of irrigation also increased as the country set war time production
goals. The structure of farms changed as vertical integration -- the ownership of multiple
stages of the production, marketing, and distribution functions by one organization -- in the
poultry industry started and new marketing techniques such as frozen foods shifted
production patterns. In 1950, only about one-eighth of the labor force was farmers; this
was down to 2.6 percent by 1990. Agricultural exports are currently about 15 percent of all
U.S. export value. Economic Research Service (1993)

After the turn of the 20th Century, data users began requesting information in addition to
production quantities and sales by product. In determining census of agriculture content, two
contradictory issues had to be balanced: demand by data users for more detailed data and the
need to keep respondent burden to a minimum to encourage adequate response. Experiments
to tailor report forms to reflect different characteristics of farm operations in various regions
were introduced during the 1940°s and 1950’s. From the 1945 to the 1959 censuses,
questions were added to identify emerging farm operational patterns such as landlord-tenant
operations or multiple operations owned by corporations. Technical improvements in
processing also continued. Mechanical editing of data captured on punch cards began in
1940, followed by development of modern computer technology, improved the timing for
publication and controlled the enormous processing responsibilities. The world’s first
general-purpose electronic computer, the UNIVAC system, developed to the Census Bureau’s
specifications and installed in 1951, was used for part of the 1950 population census, and
then to process 1954 agriculture census data. Bureau of the Census (1983)

Until 1950, agriculture censuses used personal enumeration--farm to farm canvassing.
Drawbacks were delays due to bad weather, smaller pools of census enumerators over time,
and difficulty in locating absentee farm operators. For the 1950 census, the Bureau
introduced mail questionnaires with questions phrased as if they were being asked by an
interviewer. Questionnaires were delivered to rural route box holders, who were asked to
complete the report forms and hold them until an enumerator came. This moderately
successful system was used through the 1964 census.

Throughout history, the agriculture census was taken in conjunction with the decennial
census, but in 1950, the agriculture program split off and mid-decade censuses were taken
independent of the decennial census. In the 1970’s the timing of the census of agriculture
was changed to coincide with all other U.S. economic censuses in years ending in two and
seven.

The use of sampling techniques in the census of agriculture program expanded with the
introduction of random samples for follow-on surveys of farms with specific characteristics.
Following the 1954 agriculture census, a mail sample survey of farm expenditures was
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conducted and follow-on surveys such as irrigation and horticultural specialties have been
included in every subsequent census of agriculture.

As the use of agricultural statistics grew after World War II, data users requested more
current information. Several states had developed cooperative arrangements with the
Weather Bureau and with the Federal-State Extension Service to pick up informed opinions
on crop progress and fieldwork operations each week to supplement the monthly Crop
Production reports. By 1958, this popular "weekly weather crop” approach was expanded to
all states with submission of state summaries to NASS headquarters for a national release.

Other than weekly weather crop, the emphasis of agricultural statistics has been on
developing probability based methodology to improve the quality and stability of estimates
and forecasts. In 1957, a long range plan for improving USDA agricultural statistics was
presented which called for development of a scientifically distributed area frame sample of
farms to strengthen state and national crop and livestock estimates. Since 1964, a June
Enumerative Survey* has been conducted in all states except Alaska. This survey, which
yields sampling errors of 1 percent or less for U.S. estimates of major crops, became the
backbone of all improved crop and livestock estimating procedures.

Area frame sampling was extremely successful for crop estimates, but did not provide
the same efficiency for livestock numbers because they can vary tremendously (from zero to
many thousands) in relatively small land holdings. One means of stabilizing estimates and
sampling errors was creation of lists of large livestock producers who are surveyed with
certainty. Because of the high costs of personal interviewing, the area frame sample is fully
enumerated only once a year in June.

Another livestock survey approach, the probability mail survey, was tried in the mid-
1960’s. All available information for a livestock species such as hogs was used to create a
list sampling frame for that species. Samples were drawn by strata which improved the
stability of estimates, since lists were not complete, data expansions did not cover total
production and this method was abandoned.

Ongoing internal and external research provided an improved solution in the early 1970’s
to livestock estimation difficulties. H.O. Hartley at Texas A&M University developed
multiple frame sampling which utilized the relatively low cost of list sampling with complete
universe coverage of the area frame survey. Area frame sampling is explored in more detail
in Vogel and Kot chapter of this monograph. The June Enumerative Survey was a natural
vehicle for determining completeness of a list frame. Once the base area frame survey had
been conducted each year, subsequent mail or telephone surveys would include samples from
the list frame with supplements derived from the area frame. In addition to livestock, the
multiple frame approach was tried for grain stocks, farm labor, production of specialty
crops, and was adapted in the mid-1970’s to economic surveys of farm operators. Multiple
frame surveys were successful in improving consistency of estimates.

4 Currently called the June Agricultural Survey.
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The Census Bureau first introduced a mailout/mailback enumeration procedure in the
1969 agriculture census. This method of enumeration was more cost effective and allowed
farmers to complete questionnaires at their convenience, permitted unhurried access to
records, and gave respondents a chance to review and correct forms before turning them into
the Bureau. To ensure good response rates, six or seven mail follow-ups, as well as
telephone enumeration of large farms, were conducted. Bureau of the Census (1992)

This approach has several problems including development of a complete mailing list and
ensuring complete and timely response. Identifying small farm operators is especially a
problem since they constantly enter and exit the universe and are not adequately covered by
administrative lists. There is no single list source that identifies all farms. There are sources
such as government farm program records, farm tax forms, State Department of Agriculture
livestock inspection lists, etc., which contain farm operator names but also contain names of
individuals such as landlords who are not farm operators. Some operators do not show up
on any list.

Budget efficiencies, as well as the convenience of mailout/mailback, outweigh the
drawbacks. The Census Bureau has evaluated coverage for each census of Agriculture since
1945. Net coverage error for number of farms has generally ranged from 85 to 93 percent.
And, coverage of agricultural production has consistently been above 95 percent. See the
ICES Proceedings paper by Clark and Vacca for more information on coverage measures for
the Census and NASS agricultural programs. Despite problems with a mail census, overall
coverage obtained is only marginally lower than personal enumeration conducted prior to
1969.

Major list frame development for the agriculture census program began prior to the 1969
mailout/mailback census and a major mail list frame development effort began at NASS in
1976 to support a mailout/mailback mode of data collection for their current surveys. The
primary difference between the two mail list programs is that NASS built their mail list once
with a capability of routine updates and maintenance whereas Census has developed a current
mail list of farm operators for conduct of each upcoming census. Both mail list programs
include development of computer software routines to convert and standardize name forms
from multiple lists; matching all portions of names, address, and identifiers across records;
prediction of the probability of farm or nonfarm status based on combinations of data
sources; and creation of outputs for sampling and list maintenance purposes. The NASS mail
list is a source for the census mail list as are Internal Revenue Service farm tax records.

Both agencies constantly strive to improve their mail list by using mathematical
modelling to improve match success rates and reduce duplication. It is estimated that at least
20 percent of active name records on a state’s list frame at NASS change in some way each
year, demonstrating the high volatility in the farm universe.

Emphasis on probability survey techniques had a significant effect on data collection
methods. Funds were not available for extensive personal interview followup of
nonrespondents so both agencies began using telephone calls for most follow-up in the late
1970’s. To improve the quality of telephone interviewing, the agencies started researching
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the use of Computer Assisted Telephone Interviewing (CATI) with interactive editing about
1980. See the Werking and Clayton Chapter for more discussion of CATI.

Another probability methodology improvement introduced by USDA was development of
procedures to determine crop yield and production by in-field visits, counts, and
observations. Since the 1960’s these objective yield surveys have been conducted for corn,
wheat, soybeans, and cotton and procedures have been developed for a wide range of tree
and field crops. These surveys depend on forecasting of number of "fruit" (ears of corn,
bolls of cotton, number of hazelnuts, etc.) to be present at harvest plus a forecast of weight
per fruit. Forecast models utilize historic information for the same time period and maturity
stage. Objective yield surveys have been extremely successful but they are expensive since
monthly on-site visits are required and they are only utilized in major producing states,
usually covering 75-80 percent of U.S. production for a given crop.

Since 1972, NASS has utilized aerospace remote sensing as a data source. NASS
became a leader in the automatic classification of full satellite scenes of digital data involving
many million pieces of information. The June Enumerative Survey area frame segments are
an ideal sample of data for training computer discrimination models and for judging the
precision of classifications. If cloud free imagery can be obtained, classification of the
satellite data after training usually yields sampling errors equivalent to increasing the ground
based sample by three to five times. However, the satellite data can not provide information
for acreage determination earlier than conventional means. Thus, the value to NASS is for
review of season ending estimates of planted and harvested acreage. Statistical Reporting
Service (1983).

AGRICULTURAL STATISTICS FOR THE 1990’s AND BEYOND

The development of agricultural statistics over the years has provided many innovations
in the field of statistics and data collection. From early concepts such as obtaining reports as
variances from a norm, through design of keypunch and sorting equipment, matching cases
for developing change estimates, the seminal work in area samples at Iowa State University,
continuing with research into list frame development, use of questionnaire design techniques
to improve quality of data, use of multiple frame samples and estimation, to being in the
forefront with techniques such as int